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i ABSTRACT

This report describes the establishment of low cost semiconductor processes

* to manufacture low barrier height high burnout X-band silicon Schottky

barrier diodes in production quantities. These devices are thermal compression

bonded in a rugged low cost pill (ODS-119) package. They exhibit an overall

low noise figure of 7.0 dB (single side band) at 0.5 mW of local oscillator

power level and RF burnout of 12 watts (T = 1 jisec and 103 Hz rep. rate).

Reliability and ruggedness of the design has been demonstrated by tests

taken from MIL.S. 19500F.I
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I.0 INTRODUCTION

IUnder U.S Navy Contracts N00173-C-0029 and N00173-78-C-0126,

Microwave Associates has developed low barrier height, high burnout X-band

silicon Schottky-barrier diode with a 12 watt RF burnout (r = 1 sec, 103 Hz
rep. rate) characteristics (see Table I and Figures 1 and 2). These devices

are thermal compression bonded in a rugged pill (ODS-119) package and
exhibit an overall low noise figure of 7.0 dB (single side band) at a 0.5 mW

of local oscillator power level.

The purpose of this manufacturing technology program was

to establish production processes and technologies for the manufacture of

low barrier height and high burnout Schottky-barrier diodes to be used in< Iadvanced radar systems for the U.S. Navy. The objective was to demonstrate
I pilot production fabrication processes in order to realize lower manufacturing

costs through applications of high yield processing techniques.

The program consists of a two-phase effort: (a) establishing low

cost semiconductor processing and tooling techniques for the pilot line and

I (b) manufacturing phase, for a period of twenty-four months.

I PHASE I

0 Low Cost semiconductor chip processing

* Cost reduction in packaging and diode fabrication

1 Cost reduction in DC and RF testing (computer-

controlled probe stations)

PHASE II

7: • Pilot line production

. Quality control testing

0 Failure Analysis

Most of the cost in manufacturing a Schottky chip is in processing

of the silicon wafer. The processing of a wafer can be in excess of

$1,000, while the silicon wafer with an epitaxial layer costs in the order of
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$15. Therefore, the objective is to (1) reduce processing step costs,

(2) increase the number of chips per wafer, (processing cost is independent

of wafer size), and (3) improve the yield.

The processing steps include wafer characterization, oxide growth,

photoresist masking, etching of Schottky windows in oxide, metallization,

j testing and scribing.

I
I
I
I
I

I

t-%

-5-1



I
2.0 PROGRAM OBJECTIVES & SCOPE

2.1 Purpose and Objective of Program

jThe purpose of this program was to establish Pt/Ni-Ti-Mo-Au

metallization process using a high volume magnetron sputtering system andJlow cost processing techniques for the manufacture of low barrier height,

high burnout, X-band Schottky barrier diodes for advanced Navy radar
~systems.

The objective was to demonstrate pilot production fabrication

processes in order to realize lower manufacturing costs (from $30. 00 to $10. 00

per diode in production quantities) through the application of high yield

processing techniques such as: 3 inch silicon wafer processing, low cost

sawing, semi-automated bonding, and computer controlled diode testing stations.

Both the purpose and objective of this contract have been
achieved. We have developed new processes and technologies for the
manufacture of silicon low barrier height high burn-out X-band Schottky

Jbarrier diodes for advanced Navy radar systems. The diode which is the
result of this effort meets all contract specifications. We fully expect to

sell production quantities of these diodes at a unit price of $10.00 each or

less.

I
I
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1 3.0 PROGRAM SCOPE

The program consisted of a two-phase effort for a period of 24 months.

3.1 The specific tasks of this program included:

3. 1. 1 Establish sethiconductor processing and tooling

techniques for quantity production diodes using the diode designs developed

under NRL Contract No. N00173-77-C-0029 and N00173-78-C-0125.

1 3.1.2 Establish tolerance limits such that performance

requirments are met at minimum cost.

3.1.3 Establish automatic testing procedures and test

equipment to provide adequate and sufficient probing of the product at

Ileast cost.
3.1.4 Fabricate production diodes in sufficient quantities

(1000) to determine that process controls can be maintained when adapted

to new process production.

1 3. 1.5 Describe new electrical parameters in MIL-STD-750

format specifications.

13.1.6 Prove out and report data on all fabrication, assembly,

processing and measuring steps and procedures to produce the diodes.

1 3.1.7 Document and report piece-part dimensions, materials,

reagents of all manufactured and purchased components.

3. 1. 8 Initiate a pilot run of 300 preproduction samples and

1 qualify diodes for system implementation.

3.2 Phase I Requirements

j The laying out of all semiconductor chip processing steps,

package parts and diode fabrication steps. The simplification of all parts
1 for manufacturing ease, work simplification analysis on both assembly of

the device and testing, and the adaptation of all required assembly and

test jigs, fixtures and tooling to maximize efficiency and minimize required

labor and skill.

* I
.1!



SI

1 3.3 Phase 2 Requirements

All manufacturing drawings and process specifications will

j be finalized. Required manufacturing flow, inspection procedures, and

test methods will L. fully documented prior to preproduction start-up.

I This step will be the preproduction run to prove out all

aspects of the manufacturing technology program including documentation

I derived in 3.2. Three hundred prototypes will be built during this run.

One hundred units will be used for qualification testing.

3.3.1 A MIL-STD-19500 format specification shall be

prepared based on the electrical, mechanical parameters and performance

of threse three hundred diodes.

3.2.2 A step-stress testing procedure shall be performed

on a reasonable sample of these preproduction diodes in addition to those

tests required for system qualification. These step-stress tests will also

prove the success of the established manufacturing techniques. The number

of candidates and specific type tests called out in MIL-STD-750 shall be

determined by mutual agreement.

3.4 Diode Specification

The 300 hundred prototype samples to be built under Phase 2

shall meet the following specifications:

I Diode Parameters Proposed Contract Specifications

NF at 9.375 GHz 7.0 dB (max) SSB

LO Power 0.5 mW

RF Burn Out at 12 W
F °  9. 375 GHz

1= 1 psec

D =0.001

I
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4.0 TECHNICAL REPORT -PHASE I

Phase I of this Program consisted of optimizing the processing and

I of transferring the process technology to high throughput systems to

increase yields and reduce cost. Process specifications were writen and

documented. Engineering samples were fabricated, DC and RF tested, and

shipped on schedule.

4.1 Wafer Processing

Operating procedures have now been established for all

3phases of wafer processing. These processes are outlined in Table II.

Specifications for these processes have been written and documented.

Test lots of wafers have been processed to confirm process repeatability

Iand yield. Process steps are summarized in Figure 3. Specific areas of

work are discussed in the following sections.

4.2 Silicon Epitaxial Wafer Characterization

The epitaxial layers to be used must have, (a) a very low

crystallographic imperfection density in order to ensure minimization of

avalanche noise, (b) excellent surface morphology, and, (c) exactly the

Icorrect epitaxial layer doping level, abrupt interface, and thickness to

ensure lowest possible device series resistance.

4.3 Silicon Wafer Processing and Evaluation

Epitaxial growth was accomplished by the hydrogen reductionIof silicon tetra-chloride as given below:

I 2 H2 (q) + SiC1 4 (g) 1150 0 C Si (s) + HC1 (g)

IHydrogen is bubbled through silicon tetra-chloride liquid,

under controlled saturation conditions, whereby a constant partial pressure

of hydrogen is maintained by mass flow controls. A mass flow controlled

partial pressure of dopant gas is injected and thoroughly mixed in an inlet

chamber prior to entering the epitaxial growth reaction chamber, thereby

enabling closely controlled dopant (resistivity) and growth rate control. The

substrates are placed on a silicon carbide-coated graphic susceptor, heated

1-9-
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to ,-11501C (optical pyromuter te:pcciture , wi:ere the; ,I. EtcheJ in--situ

by HC1 vapor to remove any possible surface mechanical -ir:,naqe. After

purging for a given time and stabilizing partial pressi re!- -, I he 1 iactant

Igases, these gases are allowed into the epitaxy chamber whereby controtle "

growth is accomplished.

Epitaxial growth was perfomed in an AMV-1200 ve-tical rea:c-

(See Figure 4).

1 4.4 Characterization of Epitaxial Wafers

The following techniques are available to characterize and

evaluate silicon epitaxial wafers:

(a) Infrared Spectrometer to evaluate epitaxial

thickness [ 1

(b) Copeland Inversion Profiler [ 2]

(c) Spreading Resistance (Four Point Probe)
1

(d) Differential Capacitance Profile or Mercury

Probe[4]

(e) Bevel and Stain [ 5]

(f) Digi-<at F rG- 12 Thickness Monitor[ 6 1]

12 131
The Copeland Inversion Profiler [ 2 ] surface spreading resistance probe
and mercury probe 4 , can characterize epitaxial layer concentration

(resistivity), and a portion of, if not the entire epitaxial layer/substrate

interface. The actual data attainable by each method is a function of layer

1 thickness and carrier concentration.

-For measurement and characterization of epitaxial thickness,

I uniformity across each wafer, and distribution throughout a given run, the

available techniques are: infrared spectrometer , digi-tab FTG-12 thickness

monitor , and bevel and stain method . Again, the utility of each

technique is a function of the layer thickness, substrate type, and optical

1 constants.

.. .. ... .. .- 1.. .... . . . .5 -IIli iI
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Epitaxia! layers of tiiknuss lo 2 tf.iin :. i a.d of low
resistivity_0.5[2 cm are very difficult to measuie accurately. Most of the

previously mentioned techniques such as, Infrared Spectromt-tcv. (only good

for epi thickness>_5/n, and Copeland Profiler, (only good forZ.2 Am), are not

reliable and do not give reproducible measurements.

I A mercury probe with HP1000 computer, (see Figure 5) and

bevel and stain methods being evaluated for the measurements of epitaxial

fI thickness and resistivity. The mercury probe set-up consists of an au matic

bridge, DC power supply, digital voltmeter, mercury probe, and HP10'O0:O

The mercury probe's template forms non-destructive 20 mil Schottky junctions

on an epitaxial silicon. Computer varies the reverse bias voltage and then piots

capacitance versus voltage and doping density versus junction depth using the

following equation:

I N C and X A
2 dC C

dV

A =junction cross sectional area

C = junction capacitance

q = charge of n-electron

j = material dielectric constant

N = material carrier density

X = depth at which N is measured

Various measurement steps are given in Figure 6. This method As fast and

non-destructive. It gives an accurate value of doping density (carrier concentration)

of the epitaxial layer approximate value of the epitaxial thickness. Typical doping

1 | curves and contour maps of 3" wafers are shown in Figure 7. This method is fast

and non-destructive.

I Unfortunately, in many cases (especially highly doped layers),
Schottky diodes formed by a mercury contact breaks down before the epitaxial

1/ layer is fully depleted. So another method to measure the epitaxial layer thick-

ness accurately was required.

1 -17-
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-MERCURY SCHOT1 KY

DEPLETION LAYER

a EPI LAYER

I -*KSUBSTRATE

A) FORM Hg SCHOTTKY
B) MEASURE JUNCTION CAPACITANCE AS A

FUNCTION OF VOLTAGE (REVERSE BIAS)
C) CALCULATE DOPING PROFILE AND DEPTH:

C3

N = cA2 "cI
eA

C

A = JUNCTION CROSS-SECTIONAL AREA

I C = JUNCTION CAPACITANCE

N = MATERIAL CARRIER DENSITY

q = CHARGE OF ELECTRON

X = POSITION (DEPTH) AT WHICH n IS

DETERMINED

I = MATERIAL DIELECTRIC CONSTANT

I FIGURE 6 MERCURY PROBE CALCULATIONS
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This was .chioved h,' using a PI.: Mod.i ,- D 'cvui ,

.*Lin system. The process involves cutting a groove of cyli:ndiica shape intr

a specimen (epitaxial silicon wafer n/n+), and then staining ine groo e in a

manner which delineates the less negative layers. Then under magnification,

two variables are measured which can be substituted into a simple equation

to calculate the thickness of epitaxial layers as shown in Figure 8 . The

experimental measured parameters in Figure 8 are X and Y; and R is the kr.'..

-adius cylinder. The comparison between mercuty probe and Philtec results

.,-c given in Table III and show that for a low doped material (wafers A-17 ,

and A-1743), the results are approximately the same by the two techniques,

hut differ for moderately doped material (wafer A-1743) due to premature

breakdown of mercuty Schottky diodes.

This bevel and stain technique provide the method for the

precise measurement of ultra thin epitaxial layers. The mercury probe and

Philtec bevel and stain techniques enable us to completely characterize 3 inch

epitaxial wafers. The wafers which do not meet the required specifications

will be rejected and thus reduce the overall cost of the production diodes.

The bevel and stain techniques also provide a method of detecting a

I layer (unwanted) between a substrate and an epitaxial layer.

4.5 Measures for Reducing Wafer Processing Costs

I Efforts were concentrated on transferring the technology process

to higher throughput systems, specifically in the areas of: (a) conversion from

RF sputtering to automatic magnetron sputtering, (b) conversion from wet

(chemical) to dry (plasma) etching and stripping, and (c) dicing of wafers.

I 4.6 High Volume Planar Magnetron Sputtering System

The planar magnetron sputtering process was invented by

. John Chapin in 1972. It was further improved to its present stage of very

versatile production sputtering system by Materials Research Corporation and

I Vacuum Industries. It overcomes many of the problems of RF sputtering such

as slow rate, poor uniformity, poor power efficiency, and radiation damage.

I
I -23-
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I

The planar magrietrnn technique i- hased .-)n en,anetic f

p (see Figure 9) using a planar sputtering target. The conce;;t ev','led ir.

- jm the Penning's magnetron which was patented in 1933 12 au1 wrk pe-fc:.

I :;y Van Vorous, Mullaly, Karstendick, and others with magnetrically field ench- :1

rectangular box type sputtering sources and quadruple filled sources.

K Magnetron sputtering is currently being employed for production

"etallization of microelectric circuits, microwave power and low noise semi-
SI nductor devices. Typical materials deposited are aluminum, aluminurn-silic.-

tanium-tungston, alloy, platinum, titanium, molybedenum, palladium, gold an2

S I 'hers.

Sputtering offers a reliable method of depositing alloys and

U mixtures with assurance that the film composition will not change from dep !i

, deposition. The source material will last for a large number of depositions

Nithout the need for replenishment.

An added advantage of magnetron sputtering is that the entire

deposition process can be automatic such as, evacuation, substrate heating

sputter etching, argon backfill and deposition. This means that the quality

of the vacuum metallization is no longer dependent upon the skill of the operator.

Magnetron sputtering along with micro-processor automation of the equipment

assures the same uniformity, run after run, on multi-production shifts day after

day.

Advantages of magnetron sputtering to that of RF diode sputtering

I are:

(a) Large batch boading can be accomplished in magnetron

sputtering (see Figure 10) MRC 903. Presently at Microwave Associates, Inc.,

we have the capability of metallizing 132 three-inch wafers per one eight hour

Aift, as compared to only 18 three-inch wafers in the RF diode systems
(Model MRC-90).

(b) Precise deposition control (± 200 a units) can be

accomplished in the micro-processor system where the depositing material can

be sensed 60 times/minute and adjustments to deposition thicknesses are made

each second to insure precise thickness control, run after run. Operator hands

on time is reduced to 1/3 that of the operator's time in operation of manual RF

liode systems (Model-90).

S -28-
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I lest iota oi waiucs were run through this syttm and pre-

iminary specifications established. Results shnwingr cost redtr,-ti,,ns arc

Smmarized in Table IV.

4.7 Plasma Etching of Silox Photo-Resist and Metallization

A plasma etcher (IPC-Model 2005-X) is being used to etch silox,

hoto-resist and unwanted titanium and molybedenum metals from silicon

afers. This process offers many advantages over wet chemistry techni,,r .-...

,.2h as, (a) higher batch yields, (b) residue-free etching, (c) minimum

I 'ndercutting, and (d) faster and less expensive than wet chemical etching.

The equipment consists of a quartz chamber inductively

coupled to a high frequency oscillator (13.56 MHz) (see Figure 11). The

-hamber is evacuated to between 0.01 and 0. 1 torr and then filled with the
tch gas (CF 4 - 02 for refractory metals and for silicon nitride, anhydrous

!iF for silox). The RF power is then switched on and reactive gas is excited

forming a plasma of atomic flourine, free ions, radicals and electrons. Atomic

I fluorine is considered to be a major reactant for etching exposed surfaces.
"hoto-resist, which etches slower, is used to mask surfaces. The IPC

"Dry-Ox" System utilizes a special process to selectively etch oxides without

attacking the underlying silicon. An oxygen plasma is used to strip photo-

resist from the wafers after they are etched.

The plasma process yields much greater uniformity within a
i n and better reproducibility from run-to-run. Once the process is established

y engineering personnel, the operator need only load and unload the system.

iniformity of better than ± 5% reproducibility run-to-run has been experienced.

Tn wet chemical etching, wafers are generally etched one at a time and the

process is time consuming, unreliable and dependent upon the operator's

"adgement. Comparison of typical process times for wafer etching and removal

,f photo-resist are shown in Tables V and VI.

1 4.8 Low Cost Dicing of Wafers

Once processing is complete, the wafer must be cut into chips.

Previously, the wafers were saw cut with the Tempress Saw Model-602, which

is a high cost and low yield operation, typically ten three-Inch wafers per

-iy. Initially, we had hoped to replace this operation with laser scribing In

-30-
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I " O~uanltrix Model 603--, which offt.rs much .,~krthiou' , ii (gto -

ki fers per day) and improved yields. However, because of co'nunuea

maintenance problems, with a down-time of over 60%, it was decided lo
Iinvestigate one of the new high-speed automated saws, in this case the

Disco I. After experimentation and optimization of operating parameters,

this was the most cost effective method of cutting wafers. Results of this

,jork are summarized in Table VII. We are now using Disco II, a fully automata-,-

I *ersion of the Disco I.

I
I
I

I{
I

I

I

II



Lj.LI.1J l

00 -4

LLCN

CD CD 0

I) C). C:,C
CDD ~i L

I N. 00 00 00 1±.

C/) Cl)- -- -

-/J -- J -

Co - -

-Ci) -C/ CD)
C%- LAN CN 3 CN =

Wi C=; 00 0I - ,-o- Q =

E:

C,

C)C/) C/) C

I--

V, C) C/) w,
CD

I w- CD
00 4= _- 00 L-)wi mA C'

u-I

'4tn m

C-,:
C-,E-

1 -35-



I
1

n AUTOMATIC WAFER PPOBE TESTING

Microwave Associates, Inc. designed and built ., a c test 7
ir wafer probing and testing packaged Schottk," 'a -r..

I..easures junction or total capacitance at various bais voltages, breakdown

voltage, leakage current at various bias voltages, and forward voltage drop f-r

5 various forward currents. The system has been designed specifically for stati,
:,scharge sensitive Schottky barrier diodes. Techniques for transient suppres-

ive been used to avoid damaging the devices being measured. Sp;ecifli _:,:..

;.,ave been taken to obtain capacitance data with high accuracy and rerr-d.

A Boonton 76A, the highest sensitivity capacitance bridge available today v =

3ed for the capacitance measurments. By processing data on forwari
versus forward current the DC slope resistance of the diodes can be obtaiiec.

The automatic system uses an HP 9825 as the system controller. A duiai

Iloppy disc data storage unit is utilized to swap subroutines in and out of the

controllers read and write memory quickly. The techniques of swapping sub-
routines quickly enhances the apparent size of the system's read and write

memory capability. Figure 12 shows a block diagram of the system. This syste.,

can provide a printed record of all devices tested.

I On a second automatic test system for silicon junction devices, a wafer

prober has been modified to measure accurate capacitance of microwave

diodes. A special probe and shielding arrangement was developed so that the
fringing capacitance is invariant to position across the slice with ± 0.001 pF.

his design permits device junction capacitance to be measured to the same
accuracy, namely ± 0. 001 pF. The measurement technique has been ver-y

successful in providing accurate data for C-V profile analysis and paramete-

listribution data for the silicon devices.

1 For this program, the wafer prober has been modifir-d fcr m,-:"-

capacitance measurements and interfaced to the automatic test kit for Schottky

I barrier diodes (see Figure 13). The resulting automatic test system permits both
accurate C-V profile analysis of the Schottky barrier diode slices and complete

100% wafer level DC testing of the diodes. This data is being analyzed for

patterns of parameter distribution across each slice for feedback on the success
or failure of various processing methods. The test system also allows us to mark

and avoid packaging any bad diodes, thereby reducing package and labor over-
head cost.

*1]
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6.0 MEASURES FOR REDUCING CHIP PACKAGING COSTS

6.1 Low Cost Ceramic Package Assembly

dEfforts were directed at reducing the cost of assembly labor.

The standard ceramic, ODS-119 package assembly is shown in Figure 14. In

Ithe case of low cost packages, the brazing alloy is directly deposited on both

ends of the ceramic cylinders. This process provides a more uniform deposi-

tion of the brazing alloy, thus elimination of the brazing washers as shown in

Figure 15 and 16.

This low cost package assembly eliminates the two small washers,

which previously had to be handled individually by an assembler, and also

j enables us to mechanize the assembly process. This also improves the quality

of the final product with increased production capability and reduces the

overall cost of the package assembly as shown in Table VIII.

Copper cap and base are used to further reduce the cost of the

package from 0. 45€ to 0. 39¢ each. Furhter cost reduction of the package may

be realized by sustituting palladium, nickel or silicon-platinum for gold plating

of the package (see Table IX).

6.2 Low Cost Semi-Automatic Bonding and Capping

Chip bonding is performed on a Mech-El hot gas bonder. A

gold tin solder preform is picked up by a vaccum tip and placed on the package

f pedestal. Next, a silicon chip is picked up and placed in the same manner so

that it is resting on top of the solder preform. The operator then releases a

steam of hot forming gas which melts the solder and attaches the chip to the

1 5 package pedestal (see Figure 17).

,I Thermocompression wire bonders are used to wire bond semi-
conductor chips inside the ceramic package. In the past, Kulicke and Soffa

Model 420-D thermocompression wire bonders were used exclusively.

On the Kulicke and Soffa wire bonders, the operator must

control two hand operated micro-manipulators and one foot pedal. One micro-

manipulator controls the position of the bonding tips, while the other controls

the position of the gold wire. The foot pedal operates the wire feed.

-39-
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FIGURE 17 DIODE PACKAGING
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I
I
I

PAST PRESENT

KOVAR CAP 6.3¢ COPPER CAP 1. 2¢

KOVAR BASE 6.O€ COPPER BASE 1. 8

j OTHER PARTS 5.O0 OTHER PARTS 5. 0€

TOTAL COST 17.3¢ TOTAL COST 8.0€

I
REDUCED TOTAL PIECE PART COST 9.3 CENTS BY SWITCHING FROM KOVAR CAP

I BASE TO COPPER CAP BASE.

I
I
I
I

I

I TABLE VIII

DESIGN IMPROVEMENTS - PIECE PART
COST REDUCTIONS

-44-
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I

METAL PRICE/TROY OZ. COST/UNIT

I GOLD (PRESENT PROCESS) $ 600 $ 0.032

I
I PALLADIUM - 80% $ 160 $ 0.0038

NICKEL - 20%

I (PROPOSED)

I
SILVER (PROPOSED) $ 50 $ 0.0014

I
'I

PLATING COST COMPARISONS ( 100 MICROINCHES )

TABLE IX

-45-
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j The operator positions the wire by using the micro-manipulator

and the wire feed pedal. When the wire is in position, the operator moves the

bonding tip into position by using the other micro-manipulator and then makes

a thermocompression bond. When it is time to break the wire, the operator does

so by applying pressure on the wire with the bonding tip.

Since these bonders were slow and inefficient, we have switched

to the West Bond Model-7416 wire bonder (see Figure 18). The main feature

of the West Bond Model-7416 wire bonder is that the gold wire is fed through the-

bonding tip. Therefore, the wire and the tip move as one unit, and the wire

always remains under the bonding tip, sparing the operator the added burden

of controlling the wire replacement with one hand while manipulating the bonding

tip with the other.

Another important feature of the West Bond is that the wire

feed and the wire cut-off steps are performed automatically. Separate wire

feed and wire cut-off steps are not required. Also, the West Bond has only

one hand operated micro-manipulator and only one foot operated switch.

This system is capable of handling 750 chips per day as compared to 150 chips

per day by the present Kulicke and Soffa System Model 420-D.

The final step in the assembly process is capping. A gold tin

jsolder washer is placed on the kovar ring and then a cap is placed on top of

the solder washer. The entire assembly is placed in an oven to melt the solder

and attach the cap.

In the past, the assembler handled each package, solder washer

* and cap separately. These three parts were placed in a capping boat which

held 100 units. The capping boat was then sent through a furnace to melt the

solder. We now use a GTI sealer, Model-700, for capping. The caps are

shaker loaded into a 675 position g raphite boat. The packages are also placed

in a 675 position boat after being wire bonded. The boat the packages are placed

f in is compatible with the graphite boat. The solder washers are placed on top

of the caps and then the packages ar 'ransferred into the graphie boat so that

*they are now resting on top of the cap and solder washer combination. This

graphite boat is then placed into the sealer. A current is passed throLgh the

* I graphite which produces the heat to melt the solder.

The overall cost reduction is shown in Table X.

1 -46-



FIGURE 18 SEMI-AUTOMATIC WEST BOND MODEL 7416
THERMOCOMPRESSION WIRE BONDER

D-17133
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PAST RATE NEW RATE

1 1. ELIMINATE TWO MINIATURE 1000/HOUR 10,000/HOUR

i BRAZING WASHERS

2. BOND CHIPS IN 100 POSITION 100/HOUR 150/HOUR

I BBOAT

3. WEST BOND WIRE BONDERS 60/HOUR 120/HOUR

INSTEAD OF KULICKE AND

SOFFA WIRE BONDERS

4. WIRE BOND IN 100 POSITION 120/HOUR 160/HOUR

BOAT

5. USE DAP SEALER FOR CAPPING 200/HOUR 1000/HOUR

INSTEAD OF BELT FURNACE

6. ELIMINATE HANDLING OF 1000/HOUR 1500/HOUR

ISOLDER WASHER

I
1
I
1

I TABLE X

j PRODUCTION ADVANCEMENTS

I-48-
1
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7.0 Composite Platinum - Nickel Schottky Diode

This approach consists of sputtering sequentially 100 . of platinum

and 260 of nickel on n-type epitaxial silicon wafers with windows etched

in silox. The wafer is then baked at 4501C under hydrogen atmosphere for

silicide formation. The nickel migrates through the platinum layer and forms

with the epitaxial silicon a nickel silicide below with the platinum silicide.

The nickel silicide lowers the barrier height of platinum Schottky diodes without

degrading appreciably the RF burnout performance of the device. The current

versus voltage characteristics of Pt Schottky and (Pt-Ni) composite Schottky

diodes are shown in Figure 19. The ideality factor and barrier height are

given below

Pt-Ti-Mo-Au (Pt-Ni) -Ti-Mo-Au

I deality Factor 1.06 1.06
(17

Barrier-Height 0. 80 volts 0. 65 volts
(0)

This barrier height lowering of (Pt-Ni) composite Schottky diode is sufficient

to meet the contractural goal of 7.0 dB noise figure (SSB) at a local oscillator

power of 0.5 mW. The RF burnout resistance and performance was measured

at local oscillator power of 1.0, 0.75, and 0.50 mW. Results shown in Table XI

indicate that at 0.5 mW, the diodes exhibit RF burnout of 15 - 20 watts and

noise figure of 6.5 dB. These diodes meet the overall objectives of the present

contact.

7.1 RF Testing of (Pt-Ni) Schottky Barrier Diodes

(Pt-Ni-Ti-Mo-Au) and standard Pt-Ti-Mo-Au Schottky diodes

were tested for NF, IF impedance and rectified current. The diodes were

tuned for low VSWR (less than 1.5) at various power levels at 9.375 GHz in a

broadband tunable mount (developed under Contract Number N00173-77-C-0029).

Noise figure, IF impedance, and rectified current were measured at different

-49-
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I
J local oscillator power levels. Noise figure of the amplifier was 1.5 dB and a

16 ohm load resistor was used for the measurements. Results are given in

Figure 20 to Figure 22. The (Pt-Ni) and standard Pt-Schottky diodes exhibit

low noise figure of 6.5 dB (SSB) at +1 dBm power level but (Pt-Ni) Schottkys
exhibit lower noise figure at -3 dBm power level. This is due to lowering of

Ithe barrier height dae to nickel. Similar results were observed in rectified

current and IF impedance characteristics.
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8.0 TECHNICAL REPORT - PHASE II (Manufacturing Phase)

8. 1 Introduction

Final Pilot Line production of diodes for this contract was

commenced on June 15, 1981. Process and specifications were documented

on the Wang Processor System (see Table XII). Ten (10) three inch silicon

wafers were processed following the procedures established earlier in the

S I program.

8.2 Production Line

< I The production line for manufacturing the required diodes is

shown in Figure 23 and 24. The process steps and equipment utilized are

outlined in Table XII,. Manufacturing cost of the complete diodes is summarized

in Table XIV. Labor time and yields are summarized in Table XV.

8.3 Environmental/Reliability Testing

The extensive RF burnout tests using test set up shown in

Figure 25, environmental reliability and step stress tests were conducted on
a reasonable sample of the preproduction diodes. These tests showed that the

diodes are capable of handling 12 watts peak power (T = 1 usec, 1 KHz rep rate)

and are rugged enough to stand 200 0 C temperature for 1000 hours. The failure

analysis was also conducted on degraded and RF burnout devices using scan-

ning electron microscope and microspot auger analyzer.

8.4 Jan Format Design Reliability Testing

Two hundred diodes were randomly selected from the pilot line

for Jan Format Testing using appropriate tests taken from Tables IB (b) and

V in MILS-19500 F. The verification testing schedule is shown in Table XVI.

The testing was monitored by a resident DCASR-QAR. The diodes passed all

the subgroups and thus demonstrate the reliability and ruggedness of theg device design. (For details see Appendix C',

8.5 JEDEC Registration

This diode was assigned identification No. 1N6477 for JEDEC

release No. 6983, dated November 10, 1981. For details see Appendix B.
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Percentage Sampling P'lan 1.-~ .* 100....

Substrate Ristivity. Q. ... ohm-rm

i Substrate Dopcnt ASX_ Sb._ B other.....

W,=-fer Size 1 1122 _ 3.

'II

P/P+ or N N ._ L .. .............

{ l I Special Instructi on!.

1 D-21251

7_.. I
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CHEMICAL - ISI POINT CONTAC

ETCH DEVELOP DIODE

S0 C INSPECTIO

DICE PREPARATION (CLEAN ROOM)

I r)10n3

I SPUTTER ING SYSTEMS
SINK &I
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I I HOOD
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METALIZATION AREA (CLEAN ROOM)

FIGURE 23 MIXER DIODE DICE PREPARATION AREA
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ICHIP BONDING WIRE BONDING
CHIP IN 119-PKG IN 119-PKG

...I.....
HOT GAS BONDER WEST BOND QC

MODEL W701 HG 7416 INSPECTOR

MECH-EL

CAPPI NG BRANDING

DAP SELQC
GTI MODEL INSPECTOR

DAP700
TEST DCIPARAMETERS RF BURNOUT KIT

AUTOMATIC
COMPUTER

TESTING STATION

I 24'

ASSEMBLY &TEST AREA

1R N NF LC & FINAL STOR-

IIZIF OC AGEI IA B

r K ~~12' _ _ _ _ _ _

FIGURE 24 MIXER DIODE FABRICATION AND TEST AREA
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COST AFTER COMPLETION

METHOD PRESENT COST OF THE CONTRACT

. * Processing $ 2.00 $ 0.50
Silicon Chip

, Chip Approval $ 5.00 $ 1.10

MIL Specs

a Diode Mfg. Cost $ 8.00 $ 3.00

e Initial DC & $25.00 $ 9.00
RF Test

e Final Screen & $30.00 $10.00
MIL Std Testing

TOTAL $30.00 $10.00

*l 1
TABLE XIV. COST REDUCTION SUMMARY OF HIGH BURNOUT

1 ' SCHOTTKY-BARRIER DIODE

-

i -67-
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I OPERATION LABOR-TIME LABOR-TYPE YIELD

Gen. Runsheet-
Define Process Limits .5 hr Eng 100%

Slice ID 10 min - Operator 100%
8 wafer lot

RCA Clean 1 hr. Operator 100%

L.T.O. 2 hr. Tech 100%

Photo I 3 hrs. Operator 95%

Etch Oxide .5 hr. Tech 85%

RCA Clean 1 hr. Operator 100%

Pre-metal Dip 10 min. Operator 100%

Metal I (Pt-Ni) 1.5 hr. Tech 100%

Sinter .5 hr. Operator 100%

Excess Remove .5 hr. Operator 100%

RCA Clean 1 hr. Operator 100%

Metal II (T/W-Au) 2.5 hrs. Tech 100%

Photo II 3 hrs. Operator 95%

Metal Etch .5 hr. Tech 90%

Strip Resist .5 hr. Operator 98%

Mount Wafers .5 hr. Operator 98%

Barrel Etch 1 hr. Operator 90%

Sandblast .5 hr. Operator 95%

Ni Strike .5 hr. Operator 100%

Au Plate 1 hr. Operator 100%

Dismount Wafer .5 hr. Operator 98%

Clean .5 hr. Operator 100%

I Plate Button 1 hr. Operator 100%

Eng. Evaluate .5 hr. Eng. --

Wafer Mount .25 hr. Operator 98%

Die Separate .25 hr. Tech 90%

Tach. Probe .5 hr. Tech 75%

Dismount & Clean .5 hr. Operator 95%

TOTALS- Op.Time 16.95 hrs
Tech Time 7.75 hrs
Eng Time 1 hr

TABLE XV HIGH BURNOUT-SCHOTTKY LABOR CHART
D-2120O1 _____-68-
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TABLE XVI

LIFE & ENVIRONMENTAL TEST SCHEDULE/SUMMARY
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I

8.6 Pilot Line Diddes

Three hundred pilot line diodes were shipped to Naval Research

Lab,-ratories, after completing the Jan Format Design Reliability Testing.

8.7 Product Data Sheet

This diode is being manufactured in production quantities at

Microwave Associates and is now available for sale. A data sheet on these diodes

is already published (see Appendix A) and circulated.

-73-



9.0 DELIVERABLES

Three engineering samples, each consisting of 25 diodes and pilot run

of 300 preproduction samples were fabricated. Test data of these devices arej

given in Tables XVII to XX. All devices were shipped to the Naval Research

Laboratory.

-

-74-



MICROWAVE ASSOCIATES, INC.
SEMICONDUCTOR DIVISION
DIODE TEST DATA PAGE OF

S M.A. PART NO LOT NO, SO. NO, QUANTITY SAMPLE A START / /

[ , 1 14 COM, /
CUSTOMER CUSTOMER PART NO. CUSTOMER ORDER NO 01 T/25t3 CI OTERDAWNG A:5± 0

I PAAMETR IUnion Notod

TEST  I

CONDIT
V Rs CT NF VB Rs CT NF

LIMITS

TTIr.O DC & RF Characteristics of Silicon Ion Implant Schottky-barrier diodes

(volts;) (M)) (pF)j (dB)' _ .(volts) (0) (pF) (dB)

_# 5.4 23 0.27. 8.0 #26 ii 25 0.18 6.50

#2 025.4 22 8.3 #27 8 25 0.18 6.70
#3 j 5.6 22 027 8.1 2R 10.5 25 0.18 6.75

# 4 5.6 22 0.27, 8.5 #29 9.0: 24 0.19 6.70
#5 5.7 22 0.27, 8.2 #30 9.0 i  27 0.18 6.70

30 ke' ,,_
#6 4.0 16 0.76 >15 ,
#7 ' 3.9 , 16 1 0.74>15i

#8 1 5.0 23 0.431>15
49 i 4.7 26 0.381>15 _

4.1 26 10.41.1>15

40 ke
#11 i .50 19 0.42>15

#12 1.90 20 0.37 >15 I

#13 ; 1.20 20 0.33!>15 i
#14 1.50. 27'. 0.40!>15

, 415 1i t .50 24 0.20 >15

20 ke: ,I

#16 1.20 i 19 0.42 >15 4 ; _

, #17 1.50: 18 0.481>15
#TW i8 15 >.b >it f

#19 1.50 21 0.481 >15 _

#20 2.20. 20 0.491 >15 _

. , i~0 ke v 2 2 0- 2 0 4 ! 5I I.Il #21 2021 0.481>15
2T 0' 9 > o >5

#23 1.40 12 0.% >15
#24 2.50 9 0.53 >15I -T25F 2.80 8 . >1

____._______....____TABLE XVI1 _ _ " _ _

___________ _ TEST DATA - IS'r ENGINEERING ._ _ _ _ _ _

TR SAMPLES (diodes
* TESA from v1ious runs)



* IMICROWAV MSSiCIATES, INC.
SEMICONDUCTOR DIVISION

DIODE TEST DATA PAGE OF

M.A. PART NO. LOT NO. S.O NO. QUANTITY SAMPLE ISTART / /I 1jDM, //-
CUSTOMER CUSTOMER PART NO. CSOE ORDER NO. OTHER DRAWINGS 0CUSTOMROMER5I RL J U.ILnion Noted

PARAMETER NF* ZF RF** Va B R S CT
TES Burnout (10OpA]CONDITIONS dB ohm Watts Volts ohm pF
COD TES .1Fi' J i(~p

LIMITS 4 7.0 1 12 _ 1 F
Environmental ***
Testis) SECOND ENGINEERING SAMPLES

Diode No. 6.90 _ _ _ _ _

1 6.90 420 BO/14 14 0 16 0.27
2 6.80 425 BO/18 10.20 17 0.273 1 6.8 414.0 I  157.2

43 6.8 4110 14.0] 15 1 0.26

5 6.8 405 14.0 1 0.27
7 6.9 11420 14.5 14 0.25 _ _ _ . 1

8 6.7 400 14.0 18 0.27
F 9 6.75 390 _ 13.5 15 i0.27I

10 6.8 390 _ 13.5 15 0.281 , _ _ _ _ _ _
14 6.9 I 400 1 14.0 15 0.27T _ ___

16 6.8 405 1.0 18 0.2620 6.9 400 _ _ 14.0j 15s 0.261 1 __

21 6.75 430 112 _ 14.0 15 0.26 _i __

22 6.9 420 12 14.0 18 0.25 _ _ _

23 6.8 400 F i14.0 17 026 i_ _ _ _ _ _ _

24 7.0 420 '12 14.0 16 0.26
25 6.75 100 14.0 15 0.25_
26 6.8 1420 BO 16_ 14.0 16 0.26 _ ' _27 6.75 i 400 1i 14.0 1 17 0.26 _ __+l
28 6.8 I 420 12 14.0 16 0 24
29 7.0 430 BO/17 14.0 17 0.25 ___

30 6.8 410 t 14.0 _17 I _0.24__ _ __ _
31 6.9 425 112 [ i 14.0 16 0.26 _ _L 32 6.9 1 420 BO/18 14.0 16 0.26 _

33 6.75 j405 14.0 15 0.27

TEST CONDITIONS

* fLO = 9.375 GHz; PLO = 0.5 mW; RL = 10 ohms; NFIF = 1.3- 1.5 dB

4, f = 9.375 GHz; t = 1 psec; Rep. Rate = 103 Hz

*,, CONTRACT OBJECTIVES: NF = 7.0 dB; RF Burnout = 7.0 dB; PLO = 0.5 mW

TABLE xviii SECOND ENGINEERING SAMPLE DATA



..l.. ........ ... .............
ELECTRICALWMECHANICAL TEST DATA PAGE OF

M.A. PART NO. LOT NO. SALES ORDER'NO. QUANTITY rAMPLE / /

/ /W
CUSTOME STOMER PART NO. CUSTOMER PURCHASE ORDER No. OTHER O /INGS TA*2'C

Unkne Noted

Ernv
Tents) _3rd & FINAL ENGINEERING SAMPLES

RA.ETERI DC RF CHARACT ERIST CS OF SILICCN (Pt i- Ni)-'_ _ RI _ _ __ _ _

TEST
I CONDITIONS; BIT NR 89-2

K"LM T sJ I -I- . i _

UT £DC 14P

No. VoltsfOhms (pF) Ohms mA dB 1
1 3.60 12 0.25 480 0.75 6.70 1 -

tI 2 T.40 11 0.28 540 0.70 6.70 2 tsted

J 7 3.60 12 -0.27 40 0.70 6.80 i _

I :3.= -=i1 0-.28 40 121 70 .. te!!.. biU l 7 = 6.q o A9 3.50 12 0.25 460 0.70 6.601
7 i '3.40 112 1 0.26 460 0.70 .70LZ.

9 1 3.40 111 I0.26] 470 1 .7 0~ 6.60 _________

10 3.60 ii 1 0.27 490 0.7 0 I 6 .90
3.40 ii 0.271 470 0. 7 0 6.80 I i _

12 3.601 12 0.27 480 0.65 6.50 _ _

1 _ 3.60 1 0 0.281 510 0. 70 16.90 I ]I 14 3.60 11 0•271 500 0.70 6.80 - i

I 15 13.40 11 0-29 -, 0.70 6,70
16 3.50 12 0.281 510 0.70 16.80 11 1 ___ ____

17 3.70 1 12 0.271 490 0.70 6.707 ' _ _ _ _ _

18 j3.40 1 I 0.291 490 0.70 6.9Q ___ _ _ _ _

19 "3.40 11 0.27480 7

20 3.80 12 0.251 530 0.75 6.80 . . . _ _*
21 3.60 11 0.27[ 500 0.70 6.90 1 [ i _

22 3.501 12 0.25j 510 0.70 6.80 _ b__ rnu_ (a J8' 23 3.60 12 0.271 530 0.70 6.80 L burnout __ j2
24 3~2. ll 12Q.... 0...2l , Sii ;A0 ir +(
25 13.40 1 12 0.27[ 540 0-75 A0 n hirnct (a oI -t____

I Test Conditions _

I -flo = 9.375 GHz, P1 0 =.5mWI ___ RLlO -- o

NF =1.3- 1.5 dB
* IF I3 - - i - f = 9.375, T z 1sec.,

Rep Rate 10 HZ

TABLE XIX Third Engineering Sarrplels
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I C-'_-"TIC -' L MNICAL 7-:-ST A7A P

3--- -- --

NRL 88-2

[~:,:"s PLo = .50 mW R 100.. Q fo = 9.375G z

___*,iNF IZIF IdcI NF I I I
______ it d__B I ohms mA dB _ _t_ _ti_ _:

6.9 qQ ~ 75 .n
6.80 560 . 70 1 _ 6.90 _

.I 6.90 560 - 7n . , g
6.70 550 .75 16.80

5 6. 80 565 .80 - gan
I_ _ 6.90 540 , .70 7.00

6.70 550 .70 r gn
__ i 6.90 565 .70 __7.00

! 6.80 i 540 1 .70 1 6.90

o10 6.90 550 .75 7.n n i
16.70 '560 ; .75 1 6.90

6.80 560 .70 6.90 _ _ _ _,__ _ _ _ _.

! 6.80 560 .80 6.90_ __ ____

*I 15 i6.90 560 .70 ...6-qSD ;

1 6.80 540 '.70 I _ 7.00 _ _ __ ___

_f 16.70 550 : .70 ____7.00 1____

• 16.80 1540 I .75 _,,_ _ _ _ _ _ _ _ _ _ _ _,

6.90 560 .70 _ 7 nn _I
i6.8o 540 .75 s _n __I

* 320 16.70 ' 550 .75 16.80 I

16.90 ! 550 1 .70 1 7.00
1.80 1560 1.70 I70_ 1

56.80 560 1 .70 1 1 A _ q_ _!

16.70 540 .70 I .gn I
25 J6.80 1550 1 .75 1 6.90 I

;6.90 '540 J .75 I7.on
;6.90 540 .75 l7.00 I

i- 16.80 :550 i .75 '7.00 I

.90 550 1 -70 7. 00_

30 t.90 '560 -7n '6.90I 6.70 570 ' .70 ' 6.80 I __,

6.80 540 .70 A , qn
6.90 550 .70

6.90 540 .7f0
35 6.80 550 .75

6.70 530 .75

i 7 6 .9 0 5 4 0 .7 5 _ _ _ __ __,-., ~ ~ S b. VU 6.90 o -0-. ... . _ -. =



ELE:T,?!CAL'M-::-ANTCAL 7EST ATA PAGE I OF

:~)~2 I L:: 7 NC. S..i OR IE- %Ac. IAd;7PL -SA

2 :.P~' T 14C. Sl', ~ C~S ic. -

NRL 88-2 A. ;*u c-:

I.:NoI+rs PLo 50 mW RE 100 0 1  fo -19.375 JHz _

f f ____ ___ _______I I RFr - rsec~ ______ ____

!NF ZIF Idc I N NF _ _ __w_ ___I__

:'4'i dB J ohms ImA =- '__dB_____ 
_____

39 . 6.80 __56o 17n
_ 6.90 540 .70 _ __ __ _ _

6.80 540 .75 i____ __ _

-6.70 540 .70 I I I

'6.80 550 .70 ____ _

16.70 540 .70 ___

45 .6.90 550 .70 ___ _

16.80 530 .7" __ _ I 15
_ 6.90 450 1 .75 I ___

6.60 1520 .70 1_I 31 1
16.80 '520 1.70 ___ 19

50 1 6.90 1550 I.7 0 20
7.00 540 .70 7.00 I

6.80 560 .70 _ _6.80 i

17.00 560 .70 1 7.00 _

16.80 1 560 . 0 ! 6.80 I 1
55 16.90 1 540 .70 1 __ 1 .i

16.90 565 i 70 _ , A-,

17.00 (540 I 70 _ _ 7.00 _ _

17.00 !540 1 .70 I.J. 7. O.,,
(6.90 540 I .75 I 6.90 1 1

60 .17.00 1540 -70 .- n I__
'16.90 1550 I .70 A_.___ qn I
17.00 1560 .70 1j 7.00 _

16.80 1550 1 .70 1.2. 6.0 I

16.90 '550 1 .75 r,- Ign 1
65 17.00 1540 .70 7.00

16.80 540 .70 i 6L.!

16.90 560 .70 I 6.90 _

6.70 '550 .80 6.70 I

',).80 1540 .70 6.80

70 6.90 540 .70 6.90
V.00 550 .70 7.00

7.00 .540 .70 7.00

6.90 520 .70 6.90
0.80 540 .70 6.80

4 75 6.90 '540 .70-- r,- g
76.__ 7.00 550 -............ .o .



- , L AA PAGE 3 CF
" A" - " I ' 

. S L S 0 '= O. "'M P L " s '- -"  
/ /

NRL 88-2 ;Re.,., 4:',=

N-ZONS! - .50 dW RS 1 f- 9.3A GHz I

I N I I _. i 1
NF ZIF Idc I.NF I Watts I I ____" dB Iohms mA dB I i ... I____ _77 7.00 1560 .70 7-00

_ 6.90 540 .75 6.90$ I _ _,_ _46.80 540 .70 6.80 I $ ,
80 16.70 540 .70 !. 6.70 1 _i_ _ _

_ 7.00 550 .75 .7.QQ
_:7.00 560 " .70 

____7.00__

!6.90 550 .70 L. 0 I

16.70 550 .70 i [6.70
85 17.00 550 .75 I 7.00

17.00 540 .70 7.00 1 1
16.80 540 1 .70 I __ _8____

•16.80 550 .70 t 16.80
:6.70 550 i .70 6.70 i

90 i6.80 540 .75 6.8
j7.00 540 .75 i 7.00
16.80 520 .80 i 6.80 I
j7.00 540 1 .70 i 7.00 $ 1
'6.60 '520 .80 6.60 i ,

95 16.70 1540 .70 1 I
16.80 1560 1 .70 : 79 i
16.70 !540 1.75 _ _31 I
6.90 1560 .70 1 32
16.60 !540 1..75 _ 28

100 6.70 1560 .70 1 30 I!I

I I

I I

< 1 
_ __ _ _ _ _

II_ _ _ _ _ _ _ _ _ _



I -LCTICAL.M--ANICAL TES7 2AA ?AGPG 4 CF
% A . L ::. % 0 .. ' . 5,-L 5 C q 0 E -" 0 . Z '"; 7 '0 1" -f A --

3Z..-M- 14C,,M. / /
-'-3'. = ~: s'c'.s. '.,: 'ic. :.5rZ,"3.Em ':. .sa r. = _:"c. 3--£ . .m.' .- - . :

NRL 88-2 I %."d, "':l

N I,tTo.-si P Lo 50 m V R L 0 o]9. 375 P3Hz

I I

INF 
______1_fir_IdB ohms mA I i I I I i _ _ _ _ _

101 _6._0 ___Tn__ -7n_ _ _ _
102 6.5 560 1.7 _ _ _ _ I .75
103 6.5 530 .75 _ _ _I _ ,
104 1 6.60 580 .75 I
105 ' 6.60 580 .70 _

I 106 6.60 570 .70 i
107 : 6.70 560 .70 _

-108 .16-80 '570 .75 _1' 109 i6.70 1570 ,.70
U 110 ,6 .70 580 .70

111 16.70 570 i .70
112 !6.70 580 .75

113 :6.60 570 ,70
L 114 i6. 70 560 ,.70

115 16.70 570 I .70
116 16.70 560 .70

117 ,6.70 560 I .70
118 ;6.o70 560 .7n ,
119 16.70 560 .70 1 I
12.6.70 560 .70 1 I

121 16.70 560 .70 I ( I

122 .80 1560 1 .70 i i I
I* 123 16.80 I f 

_______ ___________________

* 124 680 1560 -7n
* 125 1.80 1560 1 .70 I_________________________

126 _.80 ,560 1.70 I _____

127 . 7 0  560 .75 I
128 6.70 :570 1.70 i
129 6.70 570 .70 t t
130 6.80 560 .70 I

.60 560 .70
* 132 6.70 560 .70

133 6.70 550 .7013-.7
134 6.70 560 .75
135 6.70 560 .70

136 8.80 560 .70 .
137 6.70 570 .70
138 6.60 560 ;'O. -- . ...... ...



I LEC77?CA:LM :AICA L 7137 :A7A AG 5  9
ILZ7 NO ORCER a:0. / /

NRL 88-2

I

I 7OIICNst PLo 50 mW RL 100 R fo - 9.375 Hz

I_____I ITS__ _,

NF I ZF [ ,c II I I ._ I
=, =. = ' -''" """ --

-' ":" IdB ohms mA

139 i6.70 560 .70 I
140 6.80 560 .70 __ ___

141 6.70 560 .75 I
142 6.70 560 .70 _

143 '1 6.70 560 .70 I

ii144 6.80 560 .70

145 6.60 560 .70

146 .1 6.60 560 .70

147 i 6.70 570 1 .70
148 6.60 560 .70

149 1 6.60 560 1.70

150 16.70 560 .70

151 6.70 560 .70

I 152i 6.80 :560 .701 153 }6.70 560 -70__ _

154 1 6.70 560 .70 1

S 155 6.80 '560 1 .70 __i

* 156 6.7 '560 .70 ", I

157 6.70 1560 1.70' 1 {

i 158 6.70 1560 '.70 1 I

160 6.60 560 I .70 _ __ __

161 6.80 1560 .70 I _

6.70 560 I.70 __ __I

-- ._163 .6.70 1 560 .70 I I .

164 46.70 560 .70 I _
1 :167 i6.80 560 i.70 I _

168 16.70 560 70 I

169 16.80 560 1.70 I

170 6.70 560 1 .70 t I

171 6.70 '560 .70 .iI 172 6. 80 550 . 70 '

173 r.70 560 .70

174 !6.70 560 .70

175 !6 .80 560 .70

176 6.60 560 .70

177_67 0  -Go -7n-

i 16.80 '560 -70

174 f.70 560 _7-. - ,.. -.82. .



-- I ., ANIC.L E3T 3A7A PAGE 6 CF 9

ul~~ ~ ~ A.A A1 N C. SA -sC C A 4. :, AN Am P4C L : 'dS r X

NRL 88-2 " "a:

__ __ __ _ i ,__ ___ ___ ___ _ i.. . .__a , :. • °"' I .... .
I o rI I r Hzi- ',

w!NSr ONS1  PLo = .50 RL 100 0 fo 9.375 Hz

N FIZ I I f N5 I
" 'dB ohms m A -R. . . . .. _ _

180 6.70 56 - -7n____ _____ ___________________16.80 560 *.70 I I__
6.80 i 580 .70 _ i __

1 6.70 560 .70 1 __'

i '!___ 6.70 ' 560 .70 (
6.70 !560 1 .70 _

", 6.60 570 .70
3 1 -6.70 560 .70 i

_ 6.70 560 .70 _
_ 6.70 o560 .75

. 190 16.80 '560 .70 -
'_ 6.50 1560 .70 ,_

______:6.60 560 .70 
____

6.70 560 .70 ' '
________16.70 560 .70 _ ',_,

_______ 6.70 i 560 .70 _ _ _ _ _ _ _ _ _ _ _ _

16.70 1560 1 .75 _ _ _ _ __ __ __
16.80 '560 i .70 __ __ __ __ __ __ _ __ _ __ _ __ _ __ __,_ __ __,_16.80 1560 !.75 I

16.60 1560 1 .70 1 I
200 i6.70 1560 1 .70 __ _ I _______

16.80 1560 ' .75 I ' . I_ _ _ _ _ _ _ _z 17.00 480 .80 _ _ _ _ _ _ __.

17.00 490 !.80 1 )1,7 5 1 9 0 . 8 0 1 ___

16.90 !570 .85 , i.1 li.00 480 .. 75 I I
17.00 :soo .80 I 1 "
t.00 '500 .95 :
5.50 '520 .75

210 7.20 560 .80 .

6.85 540 .80
'.90 5oo .80

"6.80 .440 .85
7.00 540 .80

1.00 560 '.75 I

17 .00 560 .7 . .7 AA -
17 6 0 S70 -. O*'- - 16.80 -~83-
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14RL 88-2 i. I '.,1 a1
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-Z N Os; PLo .50 mW R L  100 Q fo 9.375 Hz
* I I

_ _ _ __-_ _ _ _ _ _ I I ,_ _ _ _

___ __ NF IZIF IIdc ! NF I !_'t _ _ _

d B ohms imA I dB _'_ ,_,_,,

I 218 17.00 560 I.75 1 7.0
17.00 560 .75 7_J nn____

220 17.00 '540 .80 __700_

7. 00 570 .80 !7-00

- ___ 7.00 520 7~ I

S17.00 560 .80 _ _7_n__

6.90 550 .80 6.90 _

17.00 530 I .80 I _7._00

1- i7.00 560 1 .80 .7.00 '
7. 00 520 13. 0 N no

1 7.00 '520 .80 7 nn
.7.00 560 1.80 i7 .n

230 '7.00 540 i 7c; 12 7 0
1 17.00 540 .70 7.00
17.00 530 .80 ' 7.00 _

17.00 560 .80 i7.-nn I

16.90 '560 .75 r. QA I

:7.00 560 F , i 7 f0l

16.75 1540 .75 6.70 _

t6.50 1570 I .80 I 6.50

.45 1540 1 .80 1
,17.00 1540 1.75 I ] _

240 .60 !490 .75 _

, [.80 1540 .70

v. 25 540 1.80
0.65 ,540 .80 I_ _

6.55 550 .70

6.45 540 .80 __".00 650 .80

6.80 550 .80

6.80 550 .75

7.00 520 .85

250 7.00 600 .70

6.90 550 .80

6.20 c; 'A

d .50 560 '. 7r,

6.60 460 .7r,
2l 5 _j ., _ p.50 550 . -O - -84-
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NRL 88-2 """"'-

C,,j PLo So mW R 100 Q fo .375 G

VJIMITS r _____ L

:IN IZF ZIF I dc N I _ _ _ _ _ _ _

odB i ohms I mA I IdB I
256 1 6.90 i 580 1 .75 ____6.90__
257 .16.50 590 1 .75 6.70
258 7.00 1 580 .70 7.00 I

259 6.70 570 .70 7.00
260 1 6.80 560 .70 7.00 1

3 261 16.70 590 .70 6.70
262 6.50 590 .70 6.80

263 16.40 1570 .75 7.00 1
264 $6.50 i 590 .70 7.00
265 6.90 570 .75 6.90 ___

266 16.80 560 .70 6.80 1
267 '6.50 600 .70 6.90 ____
268 :6. 50 '550 .70 6.6 (;

269 16 .40 54 0 _ .65 _ _ _ __6_ _ __ __.
_ 2 70 16.90 1 570 _ - 70 r, cl0

271 (6.60 1620 .70 _____ '( '
272 i6.50 570 I .70 i 1 7.00 I ;
273 16.90 '550 i .75 1 6.90 Ii

274 16.90 1580 t .70 6.90 J
, 275 16.90 1570 i .75 6.90 I

276 j6.80 1560 1 .75 6.80 1 i
277 6.90 1580 .65 r, __n___
278 16.70 570 .70 6.70 I _

279 17.00 i560 i 70 an 7 ___, 280 16.60 J560 1.70 i6.60

281 .6.40 ,580' .70 6.40 I I

282 16.50 .560 .80 6.50 I
283 16.90 '560 .70 6.90 I

284 17.00 600 1 .70 7.00

285 16.60 '640 .70 6.60
286 6.40 540 .70 6.40
287 6.30 540 .75 6.30
288 4.75 540 .75 6.75

289 6.70 560 .70 6.70

290 6.40 540 .70 6.40

1' 291 V.00 540 1.75 '7.00

292 P.00 s550 .80 7.00
293 6.00 550 -00-7--- ' -. 00 -L -85-.....
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NF ZIF IIdcI TNF I _ _I_ _

Z"O C I4 dB I ohms I mA I"

6.70 I 570 .70 _ L 6.70 1
,_ _ __ _ 7.00 570 .70 _ 7-no _

*11 1t 6.40 540 .80 ___.4_ _ _

_____ 6.90 550 .70 I
6.70 i 530 .70 _

I I 6.60 i 560 .75
+ 300 6.50 560 .75

__ _ __ _ __ _ I _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
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1 10.0 CONCLUSION

High burnout, low barrier height silicon Schottky barrier diodes have

been manufactured in production quantities. Low cost production measures,

such as 3 inch silicon epitaxial wafers, plasma etching, semi-automatic bonding,

low cost pill package, semi-automatic bonding and computerized semi-automatic

DC and RF testing were introduced to reduce the cost of the diode.

These devices are thermal compression bonded in a rugged low cost

pill (ODS-1I9) package. They exhibit an overall low noise figure of 7.0 dB

(single side band) at 0.5 mW of local oscillator power level and RF burnout of

12 watts ( r = 1 ysec, and 103 Hz rep. rate).

Reliability and ruggedness of the diode design has been demonstratedI |by tests taken from MIL-S-19500 F.
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I 11. 0 FUTURE WORK

Future generations of Navy missiles such as Phoenix, AMRAAM, CRUISE,

HARM and Harpoon will be using Schottky barrier beam lead diodes to satisfy

the requirements of microwave integrated circuitry. It is recommended that

Navy should initiate the Manufacturing Technology Program to manufacture

low barrier height, high burnout Schottky barrier diodes in production quantities.IThis will reduce the price of previous beam lead diodes of $30 per diode to $10 in

production quantities.

The resultant diodes from this program will be more rugged, low barrier

height and with high burnout resistance to RF pulses and also less susceptible

to handling damage (static charge).
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~SILICON PRODUCTS, INC.

~ I MAAE390 Series
'11 High

Burnout,I cLower
Barrier
Schottky

Mixer Diodes
L-Ka-Band Operation

Description Features
These specially fabricated Schottky Barrier Mixer E HIGH BURNOUT LEVEL
Diodes offer exceptional resistance to RF
burnout while retaining desired operating 0 LOWER BARRIER HEIGHT
characteristics. These silicon diodes are of
planar epitaxial construction. The fabrication
methods include highly accurate thicknesses SLOW NOISE FIGURE
and material resistivity coupled with tightly con-
trolled photolithography, metallization and U PASSIVATED CHIP
passivation techniques. The results are uniform CONSTRUCTION
RF and IF impedances provided by the very tight
tolerances in junction capacitances. Separate U UNIFORM ELECTRICAL
devices are designed for use in L-Band through CHARACTERISTICS
Ka-Band.

High reliability versions screened to MIL-STD-750 HIGH RELIABILITY
are available. The tables at the rear of this
bulletin give the recommended screening and in- The 120 case style lends itself conveniently to
spection procedures. stripline applications and can be modified in an

e calternative configuration with 4 x 20 mil straps
The case styles recommended for optimum RF connected to anode and cathode for easy
performance along with high reliability capability mounting.

are of the bonded diode construction with
ceramic metallized hermetic seals. These case Applications
styles are the 119, 120, and 186. The 119 case
style Is recommended for waveguide or coaxial The MA-4E390 series of lower barrier silicon
broadband applications through Ka-Band. It Is Schottky diodes shows optimum noise perfor-
also utilized in stripline circuits where the mance at 0 dBm and is recommended for mixer
diodes are mounted In a coaxial section at the applications where low L.O. power is available

i end of stripline circuit boards, and high resistance to burnout is required.
Developed under Navelex funding and Improved under Navy's
manufacturing technology program

ESEMICONDUCTOR DEVICES
Burlington, Massachusetts 01803 U Telephone (617) 272.3000 N TWX:710-332-6789 U Telex:94.9464SBulletin No. 4225



* Specifications @ TA = 250C
ELECTRICAL CHARACTERISTICS

SCHOITK BARRIER111 NoIXENODESU

Numbe 451340"6 4m3
Test Frequency (GHz) -1-8 8-12 12.18
Maximum Noise
Figure (dB)4  6.5 7.0 7.5
Maximum VSWR (Ratio) 1.5 1.5 1 .5
IF Impedance (Ohms) 300-500 300-500 300-_500

Typical Performance For MA-4E390
RF PARAMETERS" R

I1mW 0.75 MW 0.MW 100Is,
F Q F$ NFHD 5NF Ic o POWE

(418) (mA) (Ohms) (d) (MA) hs (08 OLN
6.5 1.2 420 6.6 0.9 450 6.8 0.5 500 12.0

Summary of Model Numbers, Frequency Ranges and
Applicable Case Styles

NOTES:
NO"e Frequency Case 1. All units available as matched pairs by adding the suffix "M",
Numbev Range (G~z) Styles7  Matching criteria for packaged pairs: ANFO = 0.3 dB, maximum,
MA-4E390 1-8 119,120, 186, 54,3, 4ZF = 25 ohms, maximum. Matching criteria for chips: %C =0.5

pF, maximum at VA = 0; -IVF = 10 mV maximum at IF 1.0 mA.
135 and 185 2. AIs is typically 8.0 ohms.I

3. Junction capacitance at zero volts is typically 0.1 pF.
MA-4E391 8-12 119, 120, 186, 54, 3, 4. Test condition: Noise figure is single sideband measured with

135 and 185 30 MHz IF, NFIF = 1.5 dB maximum and L.O. power = 1.0 mW.
Excess gas tube noise at 9.375 GHz is 15.3 ±0.5 dB; 16.0 GHz

MA-4E3g2 12-18 119, 120, 54, 135 gas tube noise is 16.0 ±0.5 dB.-
and 185 5. Test frequency: 1 kHz

6. These diodes are thermo-compression bonded in all case styles

MA-4E393 18-26 119, 120, 135, and except in case styles 3, 54, and 135. The maximum solder
temperature for all case styles except 120 ia 2301C for

185 5 seconds. For case style 120, maximum solder temperature
is 2001C for 5 seconds.

*MA-4E394 126-40 1 120, 135 and 185 1 7. Case style 135 is a chip.

ENVIRONMENTAL RATINGS
MAXIMUM RATINGS PER MIL-STD-750

Incident RF Peak Puse Met"" Lawe
Power (In X-Sand) 12 Watts Temperatur Storage 1031 -66C to + 156C

i ps 12 Watts Tmetue prtn 06 -5 o+10
3 na. 80 Watts Tmperture Cyclon 10o + c1cles

DC Forward Currnti 40 mA- 1 0 46 t+MO
Operating ... 60Ce to + 150C Thne 066 fJt~ + 8

Storage -65C to + 2000C Maslf RftkboMC 1021 10 4W^s 110- -1111%

Shook 2010 IOw, X1, Y1, V1

Vlbratlen Fat~gue 204 32 hout so* K

VIM1rat1iln VarIab 2M6 four 4 ROOMa

i1'r11~ti W



Typical Performance Curves
900

S -MA4E390 SCHOTTKY
-MAAE390 SC;HO.TTKY DIODE DIODE

STANDARD HIGH BARRIER 800
12.0~ SCHOTTKY DIODE12. BARRIER

110 RL 16 700 SCHOTTKY DIODE

NF 1 .5dB U=5 \ RL-1612
x 10.0! 4 600

M 9.

F) .0.

8.0 400

6.0 -- 4- 0+24+6300
-6 -4 -2 0 +2 44 +6 -10- -- -4-2 0 +2 +4 +6 +6 +10

LOCAL OSCILLATOR POWER (dBm) LOCAL OSCILLATOR POWER IdBm)

FIGURE 1. Noise Figure vs. Local Oscillator Power FIGURE 2. IF Impedance vs. Local Oscillator Power

7 .5"

7.25 IF =30 MHz
NFIF =1.5d 18 FLO * ., GHv

RL22=OHMS22 OHMS

: 6.75 P LO'IMW.

N 6.25

0 6.0z 1.2

5.75

1 3 5 7 9 11 13 15 17 .01 0.1 1.0 10.0
FREQUENCY (GHz) LOCAL OSCILLATOR POWER (rW)

FIGURE 3. Noise Figure vs. Frequency FIGURE 4. VSWR vs. Local Oscillator Power

Case Styles
3 120

112- F_ ;? i '
,02 020 621 65

'Soo

A 

]
.454 o=:':: . 186

F0 0

0UT om 0 215 .906 0 8

_L Mo -6 L

-~~~6~~ H~ 000 10-0 6 3 : L ~ 4  I I~
____ 0034 002 639

omFc oom ol

A- - D3 o k



Application Notes

1. Electrical Test
2. High Temperature Storage 1031 t = 168 hours, T = 1501C
3. Thermal Shock (Temperature Cycling) 10 Cycles 1051 -65°C to + 1501C

4. Fine Leak Test 1071 Condition H

5. Gross Leak Test 1071 Condition C, Step 1
6. Constant Acceleration 2006 20,000 g's, Y1 only

7. Radiographic Inspection 2076

8. Electrical Test: VF @ 10 mA,
CT @ V = OV, F = 1 MHz

9. Burn-In 1038 Condition B, t = 168 hours
T = 100*2C, IF 10 mA

10. Electrical Test: VF @ 10 mA, Maximum AVF = *10'

CT @ V = OV, F = 1.0 MHz Maximum ACT = ±10*o0

11. Calculate Drift, A VF and ACT

12. Final Visual 2071

Subgroup 1 1

Physical Dimensions 26 Per Case Style in this Bulletin
Subgroup 2 2

Solderability 2026 Unit Aging

Subgroup 3 10
Temperature Cycle (10 Cycles) 1051 -651C to + 1500 C
Thermal Shock 1056 Condition A
Hermetic Seal, Fine Leak 1071 Condition H
Hermetic Seal, Gross Leak 1071 Condition C, Step 1
Moisture Resistance 1021
End Points:
Noise Figure See Electrical Characteristics NF
IF Impedance See Electrical Characteristics ZIF

Subgroup 4 10
Shock- Non-operating 2016 1500 G, t = 0.5 ms, 5 blows, X1 , Y 1, Y2
Vibration Variable Frequency 2056 Non-Operating
Constant Acceleration 2006 20,000 Gs, X1, Y 1, Y2
End Points:
Same as Subgroup 3

Subgroup 5 x=5

High Temperature Life 1031 TA = 150'C, t = 1000 hours
End Steps: Per Step 8, Table III Drift

Criteria same as Step 11, Table III

Subgroup 6 P
Steady State Operating Life 1026 IF = 10 mA, T = 25°C, t = 1000 hours
End Points: Per Step 8, Table 11 Drift

Criteria same as Step 11, Table III

1 lAll specifications are subject to change without notice. 11181 Printed In U.S.A.



I
I
I
I
I
I
I
I
I APPENDIX B

II
1
1
1

17

- -B 1-

0



I JEDEC
Solid State Products Engineering Council

2001 Eye Street. N.W.

I ANNOUNCEMENT We as In t a. D.C.2000
(202) 457-4S71

of

Electron Device Type RegistrationI
Release No. 6983

1 November 10, 1981

The Solid State Products Engineering Council announces the registration of the
following electron device designation:

1> IN6477

according to the ratings and characteristics found on the attached data sheets{on the application of

Microwave Associates, Inc.

Burlington, MA.

All data submitted for registration, whether designated mandatory or not, become
part of the formal registration. Upon publication of the release, commercial
data sheets must include all data exactly as registered with all registered data
identified by asterisks.

3

TWX (710) S22-0148- Telefx(202) 467-4065
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IN6477

I JOINT ELECTRON DEVICE ENGINEERING COUNCIL

REGISTRATION DATA

DIODE, MICROWAVE MIXER

I. General Description

This device is a silicon schottky barrier diode N/N +, high burnout, lower

barrier, silicon diode designed primarily for use as a first detector in the
frequency range of 1GHz to 18GHz.

I II. Mechanical Data

i A. outline

OD-S-119 - Figure 1

1 B. Polarity

This is a reversible polarity device.

III. Naximum Ratings

A. Temperature

1. Storage temperature range, Tstg -55 C to 150C

j B. Current

1. Average rectified current, 10 @ .45V * l.OmA

I C. Voltage

1. Peak inverse voltage at lOuA -3.OV

D. Power dissipation, 250C ambient or case temperature

RL - 25 ohms

1. Peak power
tp - 1 us, Du - 0.001 12 Watts

!
2. Single Spike Power

tp 3nsec; Du - 0.001 80 Watts
max.

1
I
1

JS-3I RDF-3

- -



4 IN6477

1-2-

1 JEDEC TYPE NUMBER

IV. Electrical Characteristics, 250C Ambient Temperature

I Mi. Max.

A. Dynamic - Holder Per Figure 2

1. Over-all noise figure, Npo --- 6.5 dB

fo - 9.375GHz, FIF - 30MHz, I0o l.Om.A
or PLO - imW, RL - 25 ohms

2. Conversion Loss, Lc --- 5.5dB

fo 9 9.375GHz, FIF - 30MHz, 1o - 1.OmA or

PLO ImW, RL - 25. ohms

3. IF impedance, Zif 250 450 ohms

fo " 9.375GHz, FIF - 30MHz, Io - 1.OmA or

PLO - imW, RL - 25 ohms

4. "VSWR ---.. 5•

fo= 9.375GHz, FIF - 30MHz, Io = ..OmAor

PLO lW, RL -
2 5 ohms

1

1

JS-3
RDF-3

• Io II
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I

Administrative Data

1.0 PurDose of Test: To evaluate the high burnout X-Band Silicon

Schottky Barrier Mixer diode developed on contract
#N00173-79-C-0107 to the quality conformance

requirements of MIL-S-19500.

2.0 Manufacturer: Microwave Associates (M/A-COM)
Burlington, MA

3.0 Manufacturer's Type or Model No.. NRL-88-2

4.0 Drawing, Specification or Exhibit Statement of work frorm above
contract.

5.0 Quantity of ltcms Tested: 184

6.0 Security Classification of Items: Not classified

7.0 Date Test Completed: November 24, 1981

8.0 Test Conducted By: Microwave Associates Inc. - Silicon Products'

Quality Dept.

S.O Dispostion of Specimens: Hold for disposition

1O0 Aostract: The units were tested in accordance with this quality
conformance requirements of MIL-S-19500 for JAN type

devices. Groups A,B and C testing was satisfactorily

performed by Microwave Associates quality assurance
personel and audited by DCAS quality representative.

These devices met all applicable requirements

Report No. F2

& A MICROWAVE
ASSCIATES, INC.

BURLINGT70N, MASS
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MICROWAVE ASSOCIATES, INC. sEMCo~utt.a -m

SELECTSJCALIMECHIANICAL TEST DATA PAGE OF
A. PART NO." LOT NO. SAL-=$ OADER NO. QUANT ITY AMPLE )O)START T)

'CMP~
ICUSTO&IiR EcSTMI PART NO.* CUSTOMER P',RCHASi OAOE.= NO. OTE RVNGITA'5 C

Pf4L C uoUnless Noe's~

* TEST p1-L~I- 5 ..
CON01TIONS~ P]o..b=s -UL______

LIMITS G4API____

E60- IT

_____{6. wo 1 . 1bo q Ic 9 ______ __ __ _

j.o Abo lf -
______ q ____I; , . -L90_ _ _ __ ___ __ _T___

1___j (. * o. Is 0 1_ __;T_ 1 ____ ___ ___ _ _I _0_

___ __0 ' 1 1a S6o ;*10__ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _I_

_____ 1.~st o cv__
'i' '0.1 jj7 0'~ I , .tI__ ___I____ _ _

__ _ _ _ __ _ _ _ ____ _ _ __ _ _ _ 6.__ _ _

__ _ _ _ __ _ _ I_ ___ __ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _~q I J_ _ _ 0_ _ _ _

___ __ __ __ ___0 "4..! I _ _ _ _ _ _ _ _ _ _ _.1 ___ ___ ___ ________________-T

___________________ 10____ 11 40___ 1____ ____10______ 1_____ _____ _____ 1___

1.1 lj ' I It

__ 6 __+ __ 3_ 
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MCROWAVE ASSOCIATES, INC. S ,WCONQL.. .

"A :ELECTRICALIMECHANICAL TEST DATA PAGE ,. OF

I PART .40. =jOT3NO SALSS WIDER NO. CUAN17ITY t AMPLE lS3,AAT -7-i/~
ICI r e T.C m

CUS MER a CUSTO.'NIEA PATO4 CUSTOMER PURCHASE C E .10. ODRAWINGS 'T%*25=1Z

TEIST AT .O . .

, .I.NS! jOT. V.e / ZI . ..... .

LIMITS 4 (r ] A _ _____ _ I ___- __ _ _r_ _ __ _

_ _ _ 'd'JI Iok:. i./ _ _ _ _! 1 I I IV : I i -

__._ I! .-o 1 ,1- " ___- I____ K| .._ ,I __

, .! .t-o -7 I I _ _ _ _ Q p_ I A-

4 ' 1 -.' ,60 I .- o _ I _ _|___I
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I ! L, S ! .i '7I__ ____t /2 t5
____o K1 .q I --l o-7 i __ ___ ___ .____ ___ __

* I -c , I E co I ,_o__ I I,,, ____ __ _ _ _ _ _ _

.1 I L:i. o I .Co ! ,";7 j __I__ 1 1 ___ __ _ I

- :t6417,00 I I,-o _ I . ' _ j I
I ,. ' o l.I o I I_,_ ___I I__ ___ __

I __ __ r, I ruIo, I I 7.6Lf ___ i __ ___ II_

.f7. rp
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